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SUMMARY
T h e f i r s t g e n e r a t i o n of space s i m u l a t o r s are c a p a b l e o f o p e r a t i n g down t o lom8 t o r r . This l e v e l o f vacuum l i m i t s t h e t e s t i n g and e v a l u a t i o n o f s p a c e c r a f t t o problems d e a l i n g w i t h corona and t h e r m a l b a l a n c e , These t e s t chambers a r e a d e q u a t e f o r e s t a b l i s h i n g t h e f u n c t i o n a l d e p e n d a b i l i t y of s p a c e c r a f t w i t h s h o r t d u r a t i o n , l o w l e v e l m i s s i o n s .
F u t u r e m i s s i o n s r e q u i r i n g more s o p h i s t i c a t e d and complex systems f o r s p a c e c r a f t w i t h long term d u r a t i o n i n t h e environment, r e q u i r e a d d i t i o n a l s t u d y t o e s t a b l i s h a d e q u a t e t e s t i n g c r i t e r i a , (Creation o f p r e s s u r e s l o w e r t h a n 1O-I' t.orr p e r m i t s i n v e s t i g a t l o n
of s u r f a c e e f f e c t s such a s c o l d welding, f r i c t i o n , sublimat.ion, and o u t g a s s i n g . ) I n o r d e r t o s t u d y t h e s e phenomena t o d e f i n e t h e l e v e l and d u r a t i o n o f s p a c e s i m u l a t i o n t e s t s of S/C/ a moderate s i z e space s i m u l a t o r c a p a b l e of p r e s s u r e s i n t h e r a n g e o f t o t o r r i s b e i n g c o n s t r u c t e d a t Goddard Space F l i g h t C e n t e r ,
The achievement of u l t r a -h i g h vacuum i n a t e s t chamber r e q u i r e s m i n i m i z a t i o n of t h e r e a l l e a k r a t e and t h e i n c o r p o r a t i o n o f a pumping system t o p r o v i d e a h i g h pumping speed a t u l t r a -h i g h vacuum f o r t h o s e g a s e s desorbed from t h e t e s t o b j e c t i n t h e chamber. The s p a c e s i m u l a t o r i s t o c o n s i s t o f a series o f c o n c e n t r i c chambers, p r o v i d i n g a guard vacuum
f o r t h e i n n e r chamber which f o r m s t h e working t e s t volume, Thus, " r e a l " gas i n l e a k a g e i n t o t h e t e s t volume i s mi-nimized, High pumping s p e e d s a t u l t r a -h i g h vacuum are t o be provided b y c r y o g e n i c s .
The w a l l s of t h e i n n e r chamber w i l l be cooled t o 1 5 ' K t o 20'K b y c i r c u l a t i n g g a s e o u s helium through c o i l s a t t a c h e d t o t h e w a l l s .
For g a s e s such a s hydrogen, h e l i u m o r neon, which are non-condensable a t 20°K, o r whose s t i c k i n g c o e f f i c i e n t o n a 20'K s u r f a c e i s q u i t e l o w , a c r y o s o r p t i o n a r r a y i s provided, C r y o s o r p t i o n r e f e r s t o t h e a d s o r p t i o n o f a gas on a s u r f a c e m a i n t a i n e d a t c r y o g e n i c t e m p e r a t u r e s .
T h e advantages of c r y o s o r p t i o n pumping have b e e n i i i.. r e c o g n i z e d i n t h e p a s t , b u t two e n g i n e e r i n g d i f f i c u l t i e s have p r e v e n t e d i t s d i r e c t u s e i n s p a c e s i m u l a t i o n chambers. One was m a i n t a i n i n g t h e s u r f a c e of a bed of a d s o r b e n t a t 2 0°K , t h e o t h e r was simply t h a t of r e t a i n i n g t h e a d s o r b e n t i n t h e chamber s o a s n o t t o contaminate t h e t e s t s p a c e , Both problems a p p e a r t o have been s o l v e d by t h e r e c e n t s u c c e s s f u l bonding of a n a d s o r b e n t m a t e r i a l t o a m e t a l l i c p l a t e , t h e bonding b e i n g u n a f f e c t e d by t e m p e r a t u r e c y c l i n g from room t e m p e r a t u r e down t o 2 0°K . Data o b t a i n e d from t h e s e p a n e l s i n d i c a t e a h i g h pumping speed f o r hydrogen a t 10-8 t o r r accompanied by a l a r g e a d s o r p t i v e c a p a c i t y f o r hydrogen, T h e o r e t i c a l i s o t h e r m s w e r e used t o p r e d i c t t h e performance of t h e s e c r y o s o r p t i o n p a n e l s a t t o t a l p r e s s u r e s of p r e s s u r e s . , t o r r , w i t h r e s u l t s i n d i c a t i n g promise f o r s u c c e s s a t t h e s e
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The advantages of c r y o s o r p t i o n w i t h 15OK t o 20°K s u r f a c e s over a system u t i l i z i n g l i q u i d helium c o o l e d w a l l s a t 4 , 2 ' K t o condense hydrogen a r e d e s c r i b e d , Comparisons a r e made on t h e b a s i s of both performance and c o s t . R e s u l t s of t h e a n a l y s i s i l l u s t r a t e t h e r e a s o n s f o r t h e c h o i c e of c r y o s o r p t i o n o v e r t h e more c o n v e n t i o n a l l i q u i d helium systems.
It i s b e l i e v e d t h a t , a t t h i s t i m e , t h e s p a c e s i m u l a t o r d e s c r i b e d h e r e i n i s t h e o n l y one designed t o u t i l i z e c r y o s o r p t i o n t o m a i n t a i n vacua i n t h e
10-12 t o 10-15 t o r r r a n g e .
Performance e s t i m a t e s a r e shown, i n d i c a t i n g t h e u l t i m a t e pressures i n t h e t e s t volume of t h e i n t e g r a t e d system, b o t h f o r an empty chamber and f o r a s p a c e c r a f t subsystem w i t h v a r i o u s r a t e s of o u t g a s s i n g . Goddard Space F l i g h t C e n t e r INTRODUCTION
The purpose o f environmental t e s t i n g i n a s a t e l l i t e program i s t o e s t a b l i s h t h e s u i t a b i l i t y f o r f l i g h t of a g i v e n f l i g h t u n i t .
S a t e l l i t e s may be c o n s i d e r e d unique i n t h a t t h e y are v i t r u a l l y one o f a k i n d .
U s u a l l y a p r o t o t y p e , a f l i g h t u n i t , and a backu f l i g h t u n i t a r e t h e o n l y complete a s s e m b l i e s t h a t a r e made. 7') i n d i v i d u a l e l e m e n t s coupled w i t h t h e u n p r e d i c t a b l e i n t e r a c t i o n s and dependencies t h a t p r e v a i l reduce formal mathematical r e l i a b i l i t y a s s e s s m e n t s t o t h a t o f i n d i c a t i n g t r e n d s i n t h e r e l a t i v e s t r e n g t h of t h e s y s t e m e l e m e n t s , The development o f a h i g h c o n f i d e n c e l e v e l f o r t h e r e q u i r e d d e p e n d a b i l i t y o f t o d a y ' s s p a c e c r a f t p l a c e s a heavy demand on e x t e n s i v e t e s t i n g and experimentation,, The c o m p l e x i t i e s of s p a c e c r a f t such a s t h e o r b i t i n g o b s e r v a t o r i e s , s p a c e p r o b e s and manned m i s s i o n s c r e a t e t h e requirement f o r advanced t e s t i n g t e c h n i q u e s , T e s t i n g t e c h n i q u e s and c r i t e r i a become i n c r e a s i n g l y e x a c t i n g i n t h e r e g i o n of u l t r a h i g h vacuum, where t h e i n v e s t i g a t i o n s may i n v o l v e t h e c o l d welding o f m a t e r i a l s , v a r i a t i o n s i n t h e c o e f f i c i e n t of f r i c t i o n o f s l i d i n g and r o t a t i n g p a r t s , changes i n t h e o p t i c a l p r o p e r t i e s o f t h e r m a l c o n t r o l c o a t i n g s , and o t h e r s u r f a c e e f f e c t s .
The v a r i a t i o n s b e t w e e n The p r e s e n t knowledge o f t h e vacuum environment i s b a s e d on s c i e n t i f i c o b s e r v a t i o n s and t h e o r e t i c a l c o n c e p t s . P r e s s u r e d e c r e a s e s r o u g h l y b y a f a c t o r o f 10 f o r each 1 0 m i l e s i n c r e a s e i n a l t i t u d e up t o a b o u t 60 m i l e s (I00 K m ) ; a t 100 m i l e s t h e p r e s s u r e i s approximately t o r r ( F i g u r e l ) o I n o t h e r words a l l but. one-one b i l l i o n t h of t h e e a r t h ' s atmosphere l i e s below 100 miles, I t changes b y a f a c t o r of 10 i n t h e n e x t 100 m i l e s . and a t 1000 m i l e s about 1 0 -lo t o r r , t a r y space i s e s t i m a t e d t o b e between and t o r r , I n i n t e r g a l a c t i c s p a c e a value o f 10-16 t o r r i s o f t e n assumed. ( 2 ) A t 500 m i l e s it i s a b o u t lo-' t o r r The vacuum i n i n t e r p l a n e -1 A major problem i n c r e a t i n g t h e vacuum of t h e s p a c e environment i n a t e r r e s t r i a l s i m u l a t o r i s t h a t of a c h i e v i n g a n i n f i n i t e s i n k f o r t h e m o l e c u l e s e v o l v i n g from t h e e x p e r i m e n t . The e n v i r o n m e n t a l s p a c e s i m u l a t o r p r e s e n t s a f u r t h e r c o m p l i c a t i o n i n t h a t t h e f a c i l i t y i t s e l f p r e s e n t s s e v e r a l s o u r c e s of c o n t i n u i n g g a s l o a d s t h a t c a n be imposed on t h e experiment. O f t h e s e s o u r c e s i n b l e e d t h r o u g h l e a k a g e , o u t g a s s i n g of m a t e r i a l s and chamber w a l l absorbed g a s e s impose t h e l a r g e s t g a s l o a d s . S i m u l a t i o n of t h e l o w d e n s i t y environment of s p a c e i n a ground based t e s t f a c i l i t y would t h e r e f o r e r e q u i r e t h a t t h e w a l l s of t h e chamber must have a n i n f i n i t e pumping c a p a c i t y , i . e . , c a p t u r e a l l m o l e c u l e s c o l l
i d i n g w i t h i t . ( 3 )
Obviously b e c a u s e of f e a s i b i l i t y and economical c o n s i d e r a t i o n s d u p l i c a t i o n of t h e s p a c e environment c a n n o t be accomplished i n space s i m u l a t o r s . However, t h e e f f e c t s of t h e s p a c e vacuum a s t h e y a r e known t o d a y c a n be c r e a t e d and s t u d i e d . T h e r e f o r e , it i s i n t h i s d i r e c t i o n t h a t t e s t i n g and e v a l u a t i o n of s p a c e c r a f t systems and components must be accomplished.
I t i s g e n e r a l l y a c c e p t e d t h a t t h e e f f e c t s f r o m t h e
vacuum environment t h a t a s p a c e c r a f t component o r system e x p e r i e n c e s a r e a f u n c t i o n of t h e l e v e l of vacuum. Depending upon t h e c o n f i g u r a t i o n a s p a c e c r a f t t a k e s , systems and components can be s u b j e c t e d t o v a r y i n g l e v e l s of vacuum. For example, one would n o t expect a component i n s t a l l e d i n a n e l e c t r o n i c box i n s i d e a s p a c e c r a f t t o operate a t t h e same l e v e l of vacuum a s t h a t of a m e c h a n i c a l d e v i c e o p e r a t i n g on t h e s u r f a c e . I n such a c a s e t h e e l e c t r o n i c package might m a l f u n c t i o n b e c a u s e of h e a t t r a n s f e r e f f e c t s w h i l e t h e mechanical d e v i c e c o u l d f a i l d u e t o c o l d w e l d i n g .
The known e f f e c t s and l e v e l s of vacuum a t which t h e y o c c u r a r e shown i n F i g u r e 2. Where v e r i f i c a t i o n of t h e r m a l b a l a n c e c a l c u l a t i o n s o r o t h e r such i n v e s t i g a t i o n s a r e r e q u i r e d , a vacuum of 10-5 t o r r i s a d e q u a t e t o e l i m i n a t e h e a t t r a n s f e r b y c o n v e c t i o n . Areas of t e s t , e v a l u a t i o n , and s t u d y such a s r a d i a n t h e a t t r a n s f e r , c o r o n a , m a t e r i a l e v a p o r a t i o n , e t c . , n e c e s s i t a t e vacuum l e v e l s down t o 10-8 t o r r . The f i r s t g e n e r a t i o n of s p a c e s i m u l a t o r s c u r r e n t l y i n u s e a r e i n t h e main c a p a b l e of o p e r a t i n g a t vacua lom7 -10-10 t o r r .
2

PRESENT SPACE SIMULATORS
The great majority of space simulators in operation today utilize oil diffusion pumps with mechanical roughing pumps. is limited by the vapor pressure of the oil involved, Thus, such simulators are generally capable of achieving a vacuum of only lo-* to torr, the actual value dependent on the integrity of the vacuum vessel. Further, the utilization of oil diffusion pumps incurs the possibility of oil backstreaming from the pump into the test chamber, condensing on the test object and affecting the results of a test. but at the expense of pumping speed.
The ultimate vacuum attainable with such a system Baffling of the pump tends to minimize this problem, '-Cryogenic pumping offers several advantages over a more conventional pumping system (Figure-3 ) . The chamber walls themselves can act as the pump, and thus there are no limitations due to port sizes. Further, volumetric pumping speed is independent of chamber pressure, at least until the ultimate pressure approaches the vapor pressure of the gas being cryopumped.
Disadvantages of cryogenics are the cost involved in maintaining surfaces at 20°K or perhaps 4 . 2 O K and also the problems associated with pumping gases that have appreciable vapor pressures at the cryosurface temperature:] For example, the vapor pressure of hydrogen at 2 0°K is 760 &I. Hg-; even at 4 . 2 " K , its vapor pressure is 10-8 torr. Thus, in the presence of large volumes of hydrogen, cryogenic pumping alone would not be capable of operating much below this pressure For an initially empty chamber, the percentage of hydrogen gas is very small. walls cooled with liquid helium to 4 . 2 ' K , have been operated down to 10-15 torr (4) However, in the presence of a spacecraft or component which continually may introduce a hydrogen gas load into the chamber, the ultimate pressure of such a vacuum system may be several orders of magnitude higher e Thusepace simulators using i What is needed, then, is a system providing the advantages of cryogenic pumping yet also possessing a reserve pumping capacity at ultra high vacuum for the non-condensable gases.
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To
o p e r a t i n g a system a t 4 , 2 ' K f o r a p r o t r a c t e d p e r i o d i s e x t r e m e l y g r e a t , I t is b e l i e v e d t h a t t h e i n c o r p o r a t i o n of a c r y o s o r p t i o n a r r a y i n t o a c q n v e n t i o n a l cryopumped vacuum system s o l v e s t h e s e problems.' /Such a system w i l l be shown t o be economically f e a s i b l e , and a l s o c a p a b l e of o p e r a t i n g i n t h e 10-15 t o r r r e g i o n i n t h e p r e s e n c e of a n a p p r e c i a b l e g a s load f r o m a t e s t .
CRYOSORPTION
p a s s i n g i n t o t h e t e s t volume and a f f e c t i n g a t e s t , Second, a n a d s o r b e n t m a t e r i a l , by i t s n a t u r e , h a s a l o w t h e r m a l c o n d u c t i v i t y ; t h u s , a l a y e r of a d s o r b e n t of a p p r e c i a b l e t h i c k n e s s i s d i f f i c u l t t o m a i n t a i n a t a uniform t e m p e r a t u r e . The s u r f a c e t e m p e r a t u r e of t h e a d s o r b e n t exposed t o t h e g a s t o be pumped, may be s e v e r a l d e g r e e s g r e a t e r t h a n t h a t a t t h e bottom of t h e bed, where t h e c r y o g e n i c f l u i d s a r e c i r c u l a t e d . I t w i l l be shown t h a t t h e performance of a c r y o s o r b e n t i s v e r y g r e a t l y dependent on a d s o r b e n t t e m p e r a t u r e , so l a r g e t e m p e r a t u r e g r a d i e n t s t h r o u g h t h e bed cannot be t o l e r a t e d .
To s o l v e t h e s e t w o problems, it is n e c e s s a r y t o be a b l e t o bond a v e r y t h i n l a y e r of a d s o r b e n t t o a m e t a l p l a t e .
The p o t e n t i a l -
The bond must be a b l e t o w i t h s t a n d t e m p e r a t u r e c y c l i n g f r o m bakeout t e m p e r a t u r e s t o c r y o g e n i c t e m p e r a t u r e s w i t h o u t f a i l u r e . Z e o l i t e has been s u c c e s s f u l l y bonded t o s t a i n l e s s s t e e l surfaces w i t h epoxy(5) f o r a s h o r t d u r a t i o n t e s t . However, it was found t h a t , o v e r a l o n g period, t h e epoxy would d i f f u s e i n t o t h e a d s o r b e n t , p r e v e n t i n g hydrogen a d s o r p t i o n , H e m s t r e e t e t a 1 (69 have r e c e n t l y r e p o r t e d t h e s u c c e s s f u l d i r e c t bonding of m o l e c u l a r s i e v e s t o a n aluminum p l a t e , w i t h o u t t h e use of any a d h e s i v e n o t normally found i n t h e s i e v e . The r e s u l t a n t bond was found t o be v e r y r e s i s t a n t
t o t h e r m a l s h o c k , T h i s bonding t e c h n i q u e h a s proven s u c c e s s f u l w i t h any m o l e c u l a r s i e v e m a t e r i a l .
I n o r d e r t o select t h e m o s t b e n e f i c i a l s i e v e m a t e r i a l , two p a r a m e t e r s a r e of i n t e r e s t : f i r s t , t h e pumping speed f o r hydrogen a t u l t r a h i g h vacuum and, second, t h e a d s o r p t i v e c a p a c i t y of t h e s i e v e m a t e r i a l f o r hydrogen o v e r t h e
p r e s s u r e r a n g e of i n t e r e s t . Data o b t a i n e d by S t e r n ( 7 ) and H e m s t r e e t ( 6 ) o v e r t h e range 10-8 t o 10-10 t o r r i n d i c a t e t h a t m o l e c u l a r s i e v e SA, f i l l e d w i t h aluminum f l a k e t o improve i t s h e a t t r a n s f e r c h a r a c t e r i s t i c s , i s t h e best m a t e r i a l f o r u s e i n a vacuum chamber.
It should be noted t h a t t h e d a t a mentioned have been o b t a i n e d i n t h e 10-8 t o t o r r r a n g e . However, it i s d e s i r e d t o a p p l y t h e c r y o s o r p t i o n t e c h n i q u e a t vacuum l e v e l s down t o 10-15 t o r r . C u r r e n t i n s t r u m e n t a t i o n i s n o t a b l e t o p r o v i d e precise d e t e r m i n a t i o n s of t h e p a r a m e t e r s of i n t e r e s t a t t h e s e p r e s s u r e s . ,
F u r t h e r , i n v e s t i g a t i o n s u p t o t h e p r e s e n t have been i n t e r e s t e d i n u t i l i z i n g c r y o s o r p t i o h o n l y a s a pumping d e v i c e t o handle l a r g e ' g a s l o a d s i n t h e 10-8 t o 10-10 t o r r r a n g e ( 8 ) ; t h u s t h e r e i s a l a c k of d a t a i n t h e p r e s s u r e r a n g e of i n t e r e s t f o r t h i s work.
However,/data o b t a i n e d a t h i g h e r p r e s s u r e l e v e l s can be used t o o b c a i n an i n s i g h t i n t o t h e performance of a
c r y o s o r p t i o n p a n e l a t 10-15 t o r r . > H e m s t r e e t (6) measured a hydrogen a d s o r p t i o n c o e f f i c i e n t of 0,16 a t t o r r f o r a m o l e c u l a r s i e v e SA s u r f a c e bonded t o aluminum and maintained a t 20'K. T h i s corresponds t o a n u n b a f f l e d pumping speed f o r hydrogen of 6600 l i t e r s /sec f t 2 of a d s o r b e n t , T h i s pumping speed was r e l a t i v e l y i n s e n s i t i v e t o t h e volume o f adsorbed hydrogen, a t l e a s t u n t i l an a p p r e c i a b l e f r a c t i o n of t h e a d s o r b e n t s u r f a c e was covered K i n d a l l (9) h a s demonstrated, f r o m t h e r e s u l t s of e x p e r i m e n t a l work, t h a t v o l u m e t r i c a d s o r p t i o n r a t e is independent of p r e s s u r e , so it would a p p e a r l o g i c a l t o assume t h a t pumping speeds measured a t 10-8 t o r r can be a l s o o b t a i n e d a t 10-15 t o r r , O f fundamental s i g n i f i c a n c e i n t h e o p e r a t
i o n of a c r y o s o r p t i o n system i s t h e a d s o r p t i o n i s o t h e r m of t h e a d s o r b e n t f o r t h e g a s t o be pumped, i , e , , t h e r e l a t i o n between a d s o r p t i o n c a p a c i t y and g a s p r e s s u r e f o r a f i x e d a d s o r b e n t t e m p e r a t u r e h a s m e t w i t h s u c c e s s i n p r e d i c t i n g t h e a d s o r p t i o n of n i t r o g e n on pyrex g l a s s a t 77'K(ll),
and t h a t of hydrogen on c h a r c o a l a t 20°K (12) T h e Dubinin-Radushkevitch e q u a t i o n (10)
According t o t h i s r e l a t i o n s h i p :
L Po1
where V = Volume adsorbed a t hydrogen p r e s s u r e Ph2 (cc a t STP) Po = Vapor p r e s s u r e of l i q u i d a d s o r b a t e a t t e m p e r a t u r e of experiment A, B = e x p e r i m e n t a l c o n s t a n t s
U t i l i z i n g e x p e r i m e n t a l d a t a o b t a i n e d a t t o t o r r ( 7 ) f o r t h e a d s o r p t i o n of hydrogen on m o l e c u l a r s i e v e 5A,
t h e e x p e r i m e n t a l c o n s t a n t s were d e t e r m i n e d . p l o t of t h e 20'K i s o t h e r m i s shown i n F i g u r e 4.
I t c a n be observed t h a t , a t a p r e s s u r e of 10-15 t o r r , t h e a d s o r p t i o n c a p a c i t y i s .0009 s t a n d a r d cc/gram of a d s o r b e n t , o r 6 . 8~1 0 1 1 l i t e r s of hydrogen per gram a t 10-15 t o r r . I f t h e t e s t chamber c r y o s o r p t i o n p a n e l s have a combined s u r f a c e a r e a of f i v e s q u a r e f e e t , c o r r e s p o n d i n g t o 460 grams of a d s o r b e n t , t h e t o t a l c a p a c i t y would amount t o 3 . 2~1 0 1 4 l i t e r s of hydrogen a t 10-15 t o r r .
l o a d of 10-8 t o r r l i t e r s per second from t h e t e s t o b j e c t , t h e p a n e l would n o t be s a t u r a t e d f o r 9000 h o u r s , a p p r o x i m a t e l y one y e a r .
The r e s u l t a n t I f there w e r e t o be a hydrogen g a s This d e m o n s t r a t e s t h a t t h e c r y o s o r p t i o n p a n e l c a n 'be used f o r a long term t e s t w i t h no need f o r r e g e n e r a t i o n . The p a n e l m u s t be b a f f l e d i n o r d e r t o p r e v e n t g a s e s o t h e r t h a n hydrogen from r e a c h i n g t h e a d s o r b e n t .
Small volumes of condensable g a s e s , such a s n i t r o g e n o r w a t e r v a p o r ( 6 ) , on t h e a d s o r b e n t s u r f a c e , c a u s e a marked d e c r e a s e i n t h e c a p a c i t y and pumping speed of t h e m o l e c u l a r s i e v e ( F i g u r e 5).
I t is of i n t e r e s t t o compare, a t t h i s p o i n t , t h e c a p a b i l i t i e s f o r h a n d l i n g hydrogen of a c r y o s o r p t i o n system
o p e r a t i n g a t 15' t o 20'K w i t h t h o s e of a cryopump system o p e r a t i n g w i t h l i q u i d helium a t 4.2'K, a s h a s been c o n s t r u c t e d a t o t h e r l a b o r a t o r i e s . Hence, c r y o s o r p t i o n a t 20'K p r o v i d e s h i g h e r pumping speeds t h a n cryopumping a t 4.2'K. h a s obvious economic a d v a n t a g e s , F u r t h e r t h e c r y o s o r p t i o n system I V .
SYSTEM D E S I G N AND OPERATION
The proposed system c o n s i s t s of t h r e e c o n c e n t r i c chambers, t h e o u t e r t h r e e f e e t i n d i a m e t e r by t h r e e f e e t h i g h and t h e i n n e r c o n t a i n i n g a t e s t volume of s i z e 2 0 " x 2 0 " (see F i g u r e 6 ) .
The s p a c e between t h e o u t e r t w o chambers i s t o be evacuated by a c o n v e n t i o n a l pumping system c o n s i s t i n g of a mechanical pump, l i q u i d n i t r o g e n c o l d t r a p and d i f f u s i o n pump. S e a l s a c r o s s t h e o u t e r w a l l a r e t o c o n s i s t of double e l a s t o m e r O-rings,
The space between t h e O-rings i s e v a c u a t e d t o p r o v i d e a guard vacuum. The o u t e r chamber w i l l be baked o u t t o minimize o u t g a s s i n g , and t h u s a l l o w a lower p r e s s u r e i n t h i s o u t e r volume
F u r t h e r , p r o v i s i o n s have been made f o r c o o l i n g t h e O-rings t o minimize g a s permeation: c o n s i d e r a b l e e v i d e n c e ( I 4 ) i n d i c a t e s t h a t t h i s t e c h n i q u e i s s u c c e s s f u l i n improving t h e u l t i m a t e vacuum.
The i n t e r m e d i a t e chamber w a l l s a r e t o be cooled w i t h l i q u i d n i t r o g e n t o reduce t h e h e a t load on t h e w a l l s of t h e i n n e r chamber which a r e cooled t o 1 5 ' K t o 20'K by gaseous helium, The vacuum o b t a i n a b l e i n t h e i n t e r m e d i a t e s p a c e should be a t l e a s t an o r d e r of magnitude b e t t e r t h a n t h a t e x i s t e n t i n t h e o u t e r s p a c e , s i n c e it i s i s o l a t e d from t h e p o s s i b i l i t y of in-leakage f r o m a t m o s p h e r i c p r e s s u r e .
A s e p a r a t e pumping system, a g a i n c o n s i s t i n g of a d i f f u s i o n pump, l i q u i d n i t r o g e n cold t r a p , and mechanical pump, i s t o be used f o r i n i t i a l e v a c u a t i o n of t h e i n t e r m e d i a t e s p a c e and t e s t volume ( F i g u r e 7)
The p r e s s u r e , a f t e r pumpdown, s h o u l d be a p p r o x i m a t e l y t o t o r r i n t h e t e s t volume and s u r r o u n d i n g guard vacuum A f t e r pumpdown, t h e v a l v e c o n n e c t i n g t h e t e s t volume t o t h e s u r r o u n d i n g guard vacuum i s c l o s e d , i s o l a t i n g t h e t e s t volume from t h e mechanical and d i f f u s i o n pumps. Gaseous helium i s c i r c u l a t e d i n t h e w a l l s of t h e t e s t volume, c o o l i n g it t o 1 5 ' K to 2 0°K , Thus, oxygen, n i t r o g e n and a l l o t h e r condensable molecules are c r y o g e n i c a l l y pumped, l e a v i n g o n l y t h e noncondensables i n t h e t e s t chamber, Following t h i s , gaseous helium a t o r b e l o w 20'K i s c i r c u l a t e d i n t h e chevron b a f f l e s and c r y o s o r p t i o n p a n e l f o r pumping of r e s i d u a l hydrogen and helium. The b a f f l e s p r e v e n t molecules o t h e r t h a n hydrogen or helium from r e a c h i n g t h e c r y o s o r b e n t p a n e l .
Thus, a system i s provided t h a t i s c a p a b l e of a t t a i n i n g u l t r a h i g h vacuum and, f u r t h e r , h a s t h e c a p a c i t y , a t low p r e s s u r e s , f o r h a n d l i n g l a r g e g a s l o a d s ( b o t h of condensable and noncondensable g a s e s ) which would be outgassed from t h e s p a c e c r a f t equipment under t e s t .
One of t h e fundamental c o n s i d e r a t i o n s involved i n t h e d e s i g n of a c r y o g e n i c pumping system i s t h e h e a t l o a d s on t h e cryogenic shrouds which d e t e r m i n e e i t h e r t h e amount of c r y o g e n i c f l u i d s r e q u i r e d o r , r e f r i g e r a t o r r e q u i r e d t o s u p p l y gaseous helium a t 15'K t o 20°K. Before c r y o g e n i c f l u i d s a r e i n t r o d u c e d , t h e system w i l l have been pumped t o a p r e s s u r e l e v e l where t h e o n l y h e a t t r a n s f e r i s due t o r a d i a t i o n . The h e a t t r a n s f e r , v i a r a d i a t i o n between a s u r f a c e and a n o t h e r e n c l o s i n g i t , is g i v e n by: i n t h i s c a s e , t h e s i z e of 1 -E 1
where : q = h e a t t r a n s f e r r a t e ( B t u / h r ) €1, €2 = e m i s s i v i t i e s of s u r f a c e s , assumed e q u a l t o a b s o r p t i v i t i e s A 1 = e n c l o s e d a r e a ( f t 2 ) A2 = e n c l o s i n g a r e a ( f t 2 ) .
The v a l u e s of 6 f o r condensate-coated s u r f a c e s can be assumed a s a p p r o x i m a t e l y . l o , s i n c e t h e t h i c k n e s s of t h e c o a t i n g w i l l be q u i t e s m a l l f o r t h e p r e s s u r e s i n v o l v e d ( l 5 ) . Under s t e a d y -s t a t e c o n d i t i o n s , t h e h e a t exchange between t h e 77'K s u r f a c e , of s u r f a c e a r e a 29.4 f t 2 , and t h e 20°K s u r f a c e , of a r e a 18.8 f t 2 , w i l l t h e n amount t o : q = -76 B t u / h r o r .22 w a t t s , I f t h e r e i s a t e s t object i n t h e chamber m a i n t a i n e d a t room t e m p e r a t u r e , t h e gaseous h e l i u m r e f r i g e r a t i o n 8 J 0 r e q u i r e m e n t s g r e a t l y i n c r e a s e . I f it i s assumed t h a t t h e t e s t o b j e c t i s b l a c k ( f = 1 1 , i n t h e form of a one-foot d i a m e t e r s p h e r e ( s u r f a c e a r e a = 3.14 f t 2 ) and maintained a t 273'K, t h e h e a t load i n c r e a s e s t o : q = 1 2 7 B t u / h r o r 37.3 w a t t s .
. T h i s e s t i m a t e of h e a t load i s o p t i m i s t i c i n t h a t no a c c o u n t h a s been t a k e n of t h e h e a t t r a n s f e r by conduction t h r o u g h s u p p o r t r o d s , c r y o g e n i c p i p i n g , e t c . , o r of t h e r e f r i g e r a t i o n r e q u i r e m e n t s d u r i n g i n i t i a l cooldown. However, t h e h e a t l o a d due t o r a d i a t i o n from t h e s u r r o u n d i n g shroud and f r o m t h e t e s t o b j e c t c e r t a i n l y r e p r e s e n t s t h e l a r g e s t p a r t of t h e r e f r i g e r a t i o n r e q u i r e d , I n any c a s e , t h e load i s w i t h i n t h e c a p a c i t y of a 250-watt helium c r y o s t a t ,
V. INSTRUMENTATION
I n o r d e r t o s p e c i f y t h e environment t o which a t e s t obl3ct has been s u b j e c t e d , it i s n e c e s s a r y t o be a b l e t o d a s u r e t h e p r e s s u r e or m o l e c u l a r f l u x a t s e v e r a l p o i n t s i n t h e t e s t chamber and a l s o , t o be a b l e t o d e t e r m i n e t h e predominant m o l e c u l a r species, and t h e i r p a r t i a l pressures. i s s i g n i f i c a n t t h a t A l p e r t ( 1 6 ) a s s e r t s t h a t t h e lowest known d i r e c t measurement of t o t a l p r e s s u r e was 4 X 10-13 t o r r , made b y L a f f e r t y ( l 7 ) u s i n g a h o t c a t h o d e , magnetron gauge. However, w i t h any gauge o p e r a t i n g a t t h e s e p r e s s u r e l e v e l s , e s p e c i a l l y t h e h o t c a t h o d e gauges, t h e r e i s t h e q u e s t i o n of t h e contamination i n t r o d u c e d i n t o t h e chamber by s u r f a c e e f f e c t s ( o u t -g a s s i n g , a d s o r p t i o n , etc.) t a k i n g p l a c e on t h e gauge i t s e l f , Obviously, it i s a requirement of any measuring i n s t r u m e n t n o t t o change t h e environment i n which it i s i n s e r t e d . I t seems, a t t h i s t i m e , t h a t methods of a c h i e v i n g u l t r a h i g h vacua have s u r p a s s e d t h e means f o r measuring vacua. e I n s t r u m e n t a t i o n f o r t h e chamber w i l l have t o be provided f o r measuring t h e p r i n c i p a l c o n s t i t u e n t s of t h e r e s i d u a l g a s in the chamber at any time and their percentages of the total gas present. instrument at the present time is a high sensitivity, mass spectrometer developed by Davis (18) and capable of measuring partial pressures as low at torr. Again, the accuracy of the instrument depends on a knowledge of the surface effects introduced by the instrument itself. Initial measurements will be made with a cold cathode, Redhead gauge and electrometer , capable of indicating pressures down to 10-13 torr. It is envisioned that, when the research chamber becomes available, improvements will have been made in gauging that will extend the measurable range down below the present level. It is anticipated that research will have to be done in order to amend mass spectrometers currently available to allow measurements of partial pressures of hydrogen, helium and other gases present in the chamber at 10-15 torr.
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